In the course of the evaluation of five patients with left atrial myxoma, it was noted that the movement of the myxoma was related to specific changes in left atrial hemodynamics. Prolapsing tumors, Type I, move from the left ventricle to the left atrium in early systole and from the left atrium to the left ventricle in early diastole, thereby causing prominent c and v waves accompanied by a rapid y descent. Nonprolapsing tumors, Type II, remain in the left atrium during the entire cardiac cycle, impeding flow across the mitral valve. In these latter cases, the y descent is slow and indistinguishable from that caused by mitral valvular stenosis. The cineangiocardiograms and echocardiograms corroborate these two types of hemodynamic observations. The particular value of direct echocardiographic examination of the left atrium prior to cardiac catheterization was evident in two of the three patients with nonprolapsing tumors. Since the hemodynamic pattern of nonprolapsing left atrial myxoma resembles that of mitral valvular stenosis, it is stressed that echocardiography should have an important place in precatheterization assessment of patients with mitral valve disease. If left atrial myxoma is suspected clinically or on the basis of echocardiographic findings, regardless of the pressure curve contours, transseptal cardiac catheterization should be avoided and the left atrium visualized by pulmonary angiography levophase.
SUMMARY
In the course of the evaluation of five patients with left atrial myxoma, it was noted that the movement of the myxoma was related to specific changes in left atrial hemodynamics. Prolapsing tumors, Type I, move from the left ventricle to the left atrium in early systole and from the left atrium to the left ventricle in early diastole, thereby causing prominent c and v waves accompanied by a rapid y descent. Nonprolapsing tumors, Type II, remain in the left atrium during the entire cardiac cycle, impeding flow across the mitral valve. In these latter cases, the y descent is slow and indistinguishable from that caused by mitral valvular stenosis. The cineangiocardiograms and echocardiograms corroborate these two types of hemodynamic observations. The particular value of direct echocardiographic examination of the left atrium prior to cardiac catheterization was evident in two of the three patients with nonprolapsing tumors. Since the hemodynamic pattern of nonprolapsing left atrial myxoma resembles that of mitral valvular stenosis, it is stressed that echocardiography should have an important place in precatheterization assessment of patients with mitral valve disease. If left atrial myxoma is suspected clinically or on the basis of echocardiographic findings, regardless of the pressure curve contours, transseptal cardiac catheterization should be avoided and the left atrium visualized by pulmonary angiography levophase.
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Suprasternal ultrasonography Cineangiocardiography I NCREASING CLINICAL AWARENESS of intracardiac tumors has been stimulated by the improved diagnostic techniques of cardiac catheterization and the more recent advent of echocardiography. Nevertheless, left atrial myxoma continues to be a diagnostic challenge because of its variable clinical presentation.
Several excellent reports dealing with the unique hemodynamic events and phonocardiographic features of left atrial myxoma have appeared in the literature. 1-6 A characteristic left atrial and/or pulmonary wedge pressure pulse consisting of prominent c and v waves with a rapid y descent has been considered to be diagnostic of the presence of left atrial myxoma.57 Our experience in five patients with this disease has enabled us to classify two distinct alterations in left atrial hemodynamics with cine-angiocardiographic and echocardiographic correlation. The purpose of this paper is to define the underlying mechanisms of the hemodynamic alterations and to correlate these physiological changes with the mobility variations found in left atrial myxoma.
Materials and Methods
Between 1967 and 1973, five patients with left atrial myxoma were encountered at Jackson Memorial Hospital. All were female, four Caucasian and one Negroid (case 4). Their ages ranged from 37 to 66 years. Their clinical profiles are summarized in table 1. One patient (case 1) has been reported fully elsewhere.5 The diagnosis of left atrial myxoma was suspected clinically prior-to cardiac catheterization in two patients (cases 4 and 5). The other three patients were initially suspected to have bacterial endocarditis (case 1) and rheumatic mitral valvular stenosis (cases 2 and 3). In each case, the tumor was surgically removed. At surgery, the mitral valve was found to be normal in all except one (case 3) whose mitral valve was thickened and fibrotic but without microscopic evidence of a rheumatic process. The operative findings are included in table 1. All patients survived surgery except for one (case 3) in whom a fatal cerebral vascular accident occurred in the immediate postoperative period.
Right and left heart catheterization was performed in all patients. The left atrium was entered via transseptal technique in one patient (case 2), and inadvertently by a retrograde catheter from the left ventricle in two patients (cases 3 DR-I8 or D11-16) with Statham P-23-A strain gauges. Selective cineangiocardiography, with injection of contrast medium irnto the left ventricle, ascending aorta or pulmotnary artery was performed on all patients.
Echocardiographic analysis was obtained on two patients (cases 4 arid 5). It was performed by using a Unirad UlItrasonoscope and an unfocused transducer, employing piezoelectric crxstal 9.5 mm in diameter with a primary resonant freqtuerncy of 2.25 MHz. The technique of recording was the same as described by Feigenbaum. 0 Because of the uinust;ual echocardiographic patterns obtained in the conventiornal approach, direct examination of the left atrium was performed uisirng the suprasternial method described by (;oldberg.
Results
Two patients (cases 3 and 4) had atrial fibrillation at the time of study, the others were in normal sinus rhythm. A moderate degree of pulmonary hypertension was noted in two patients (cases 1 and 4). The resting Fick cardiac output and cardiac index were normal in two patients (cases 1 and 2), moderately reduced in two patients (cases 3 and 5), and severely reduced in one patient (case 4). A mitral diastolic gradient was present in all of the patients and a minimal to moderate degree of mitral regurgitation was noted in all but one patient (case 5). Simultaneous recording of the left ventricular pressure and pulmonary wedge or left atrial pressure revealed two distinct hemodynamic features. In Type I (cases 1 and 2) ( fig. 1 ), there are prominent c and v waves accompanied by a rapid y descent in the pulmonary wedge or left atrial pressure pulse, and a notch is present in the ascending limb of the left ventricular pressure Abbrevia,t ions: EA =right at riulm (mean); DV righit vetntric mea.n pressuire; LA = left atritinm; LV Vleft venlt;ricele; An aort.a M2); PVI = pulinonary vascular resistanice (dynes/sec-m).
The cineangiocardiograms of those patients with Type I left atrial hemodynamics (cases 1 and 2) demonstrated that the tumor moved from the left ventricle to the left atrium in early systole and moved from the left atrium to the left ventricle in early diastole ( fig. 3 ). On the other hand, in those patients with Type I1 left atrial hemodynamics (cases 3, 4, and 5), the tumor remained in the left atrium during the entire cardiac cycle ( fig. 4 ).
Echocardiography was available in only two patients (cases 4 Hemodynamically, left atrial myxoma is usually associated with a diastolic pressure gradient across the mitral valve. However, it has been claimed that the contour of the left atrial and/or pulmonary wedge pressure pulse can be used to distinguish left atrial myxoma from mitral valvular stenosis.5 " In the former, prominent c and v waves with a rapid y descent are present. With cineangiocardiograms, we, and others previously,1 2. 5. 6. 22 have demonstrated the mechanisms responsible for these hemodynamic changes referred to herein as Type I left atrial hemodynamics for left atrial myxoma. The tumors move from the left ventricle into the left atrium in early systole, abruptly decreasing the left ventricular volume and causing a notch in the ascending limb of the left ventricular pressure pulse. The concomitant sudden increase in the left atrial volume produces prominent c and subsequently, dominant v waves. In early diastole, the tumors enter the left ventricle, abruptly decreasing the left atrial volume. Because of this sudden decompression of the left atrium, the y descent is rapid and deep in character. Two of our patients (cases 1 and 2) demonstrated these hemodynamic changes ( fig. 1 ) with cineangiocardiographic correlation ( fig. 3 ). We believe that these features are characteristic of prolapsing left atrial myxomas and it is their movement back and forth across the mitral orifice which results in the observed hemodynamic effects.
In contrast, the other three patients (cases 3, 4, and 5) had hemodynamic features indistinguishable from that of mitral valvular stenosis (fig. 2) , in which there is no notch present in the ascending limb of the left ventricular pressure pulse and the y descent is relatively slow. In these cases, the cineangiocardiograms revealed that the tumors remained in the left atriuim during the entire cardiac cycle ( fig. 4 ). Accordingly, flow across the mitral valve was impeded throughout diastole, causing a relatively slow y descent. These features are referred to herein as Type 1I left atrial hemodynamics of nonprolapsing left atrial myxomas. At surgery, none of these cases had mitral valvular stenosis, and the mitral valves were normal in all patients except for one (case 3), whose mitral valve was thickened and fibrotic. In this patient, thickening and fibrosis of the mitral valve was felt to have The echocardiograms of the two patients (cases 4 and 5) with nonprolapsing left atrial myxoma (figs. 5, 6, and 7) were consistent with the observed hemodynamic events. The tumor echoes were identified in the left atrium but not within the left ventricle during diastole in contrast to the usual echocardiographic findings that have been described for left atrial myxoma.23 27 The motion of the anterior mitral leaflet was completely normal in one patient (case 5). Both of these patients also illustrate the particular value of direct echocardiographic examination of the left atrium when a nonprolapsing tumor is present.
Such direct examination of the left atrium along the long axis of the left ventricle in the presence of suspected nonprolapsing atrial myxoma was first suggested by Popp and Harrison. 28 We found the suprasternal approach proposed by Goldberg" an Circulation, 'olumie,i .5 ebruary 1975 Case 4. Echocardiogram obtained by movitg transducer along the rnajor left ventnricular axis frornl the left ventricle (left) to the level of the aorta (Ao) (rig/it). The diastolic slope of anterior nmitral leaflet (AMVI) closuire is reduiced reflecting decreaised flow across the mitral valve. As the tultrasouind beam is directed superiorly, ablnornmal echoes originatin?g from the miyxonia (MX1tYX) uitliin t/ie left atriurm (I.A) become apparent. The echisoes frorm the tumor are seen to fill the left atrium and to descend only to abouit the level of the atriouenetriciilar cantal imriiediately behind tde proximal attachment of the anterior mitral leaiflet. IVS = interventricular septum,; PLY' = posterior left venttricular wall. effective means of examining the left atrium directly ( fig. 6 ).
Features similar to our Type II left atrial hemodynamics have been reported in a single patient with left atrial myxoma as an "unusual" finding.29 However, three of our five patients demonstrated these changes. The importance of Type IT left atrial hemodynamics in the presence of left atrial myxoma has not been emphasized previously. Although because of the small number of cases included in this report, statistically one cannot draw a conclusion, we do, however, believe that these changes, related to nonprolapsing tumors, occur more frequently than is generally realized. Failure to recognize this phenomenon may lead to unnecessary and potentially hazardous transseptal left heart catheterization in patients with left atrial myxoma.21 30 In conclusion, two variations in left atrial hemodynamics may occur in left atrial myxoma. In Type I, or prolapsing myxoma, there is a notch in the upstroke of the left ventricular pressure pulse and Case .5. By conventional method, the ultrasound beam is directed from the left ventricle (left) along the nmajor axis to th2e level of the aortwi root (Ao) and the left atrium (LA). Note the movement of the anterior mitral leaflet (AMV) is nornmal anid is n1ot stuggestive of obstruction to the flow from the left atriun. oNo abnormcal echoes are identified hehinrd thie mnitral leaflet. Abnormally moving echoes originatingfroni the myxomna (MYX) can l)e identified behind the posterior aortic rooi withlinl the left atrium Except for their utnusual motion, they might be confused withi calcificatiorn of the rnitral rirng. (CW= chest wall;, CC = electrocardiogram; RPA = right pulmonary artery. Noise echoes seen in this photograph result from-t tihe high sensitivity settinigs required for recording as well as reverbertation artifacts produced by poor sound trarismiissionr chlar(cteristics associated with mild obstructive pulnionary disease. prominent c and v waves with a rapid y descent are present in the pulmonary wedge or left atrial pressure pulse. In Type II, nonprolapsing myxoma, there is no notch in the upstroke of the left ventricular pressure pulse and the y descent of the pulmonary wedge or left atrial pressure pulse is slow and indistinguishable from that of mitral valvular stenosis. The important contribution and value of well performed echocardiography in the precatheterization assessment of patients with suspected mitral valve disease is emphasized. It is stressed that irrespective of the left atrial hemodynamic findings, pulmonary angiography with observation of the levophase should be performed in any patient with clinical or echocardiographic evidence suggestive of left atrial myxoma.
